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The recent unidentiﬁed 3.5 keV X-ray line signal can be explained by decaying moduli dark matter with 
a cutoff scale one order of magnitude smaller than the Planck scale. We show that such modulus ﬁeld 
with the low cutoff scale follows a time-dependent potential minimum and its abundance is reduced 
by the adiabatic suppression mechanism. As a result the modulus abundance can naturally be consistent 
with the observed dark matter abundance without any ﬁne-tuning of the initial oscillation amplitude.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/3.0/). Funded by SCOAP3.Recently, two groups reported strong evidence for the uniden-
tiﬁed X-ray line at about 3.5 keV from various galaxy clusters and 
the Andromeda galaxy [1,2]. While there may be systematic un-
certainties relevant to these observations, the reported X-ray line 
could be due to the decay of 7 keV dark matter. It is worth noting 
that this interesting possibility was pointed out many years ago 
by Kawasaki and one of the present authors (TTY) in Ref. [3] (see 
also Refs. [4,5]), where they studied decay of a light moduli ﬁeld 
into photons in the gauge mediated supersymmetry (SUSY) break-
ing. After the discovery of the 3.5 keV X-ray line, there appeared 
various possibilities of producing the X-ray line by dark matter 
(DM) [6–13]. In fact, the DM with mass and lifetime
mφ  7 keV, (1)
τφ  2× 1027 − 2× 1028 s, (2)
can explain the excess where φ denotes the DM particle [2]. Note 
that, if the DM decays into a pair of photons, a factor 2 needs to 
be multiplied with the lifetime. The task for the model building is 
how to realize such small DM mass, long lifetime as well as the 
correct DM abundance.
Let us focus on light moduli dark matter coupled to photons 
with a relatively low cutoff scale M [3–6,8,9,11]:
L= φ
4M
Fμν F
μν or
φ
4M
Fμν F˜
μν, (3)
where φ is a real scalar for the former, whereas it is a real pseudo-
scalar for the latter. Since the moduli generally obtain mass from 
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SCOAP3.SUSY breaking effect, the moduli with mass of O (keV) naturally 
appears in the gauge-mediated SUSY breaking models, and its cos-
mological problem was studied in Refs. [3,4,14]. Assuming that the 
modulus decays mainly into photons through the above operator, 
the modulus lifetime is given by
τφ =
( m3φ
64πM2
)−1
 4× 1027 s
(
7 keV
mφ
)3( M
1017 GeV
)2
. (4)
Thus, the reported 3.5 keV X-ray line can be explained by the 
decaying moduli DM with mφ  7 keV, if the cutoff scale M
is about one order of magnitude smaller than the Planck scale, 
MP  2.4 × 1018 GeV.1
The potential problem of the light moduli dark matter sce-
nario is that the modulus abundance may exceed the observed DM 
abundance by many orders of magnitude, which is known as the 
cosmological moduli problem [15,16,3,14]. In this short note we 
point out that the moduli ﬁeld with the low cut-off scale follows 
a time-dependent minimum and its subsequent oscillation ampli-
tude is signiﬁcantly reduced by the so called adiabatic suppression 
mechanism [17–21], and it can actually account for DM for appro-
priate choice of inﬂation energy scale.
The point is that the modulus ﬁeld obtains a large Hubble mass 
of O(10) ×H with H being the Hubble scale, through the following 
coupling with the inﬂaton,2
1 The suggested value of the cut-off scale is within the range naturally expected 
in string theory [6].
2 Note that, if φ respects a shift symmetry, φ → φ + iα with α being a real pa-
rameter, the adiabatic suppression does not apply to the imaginary component of φ. under the CC BY license (http://creativecommons.org/licenses/by/3.0/). Funded by 
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2
M2
|φ|2|I|2, (5)
where I denotes the inﬂaton superﬁeld and b is an order one 
numerical coeﬃcient. Here we assume that the modulus ﬁeld uni-
versally couples to other ﬁelds with the cutoff scale M ∼ 0.1MP . 
In such a case, the amplitude of coherent oscillations of the mod-
ulus ﬁeld is much suppressed because of the adiabatic suppression 
mechanism.
The coherent oscillation of the moduli in this case is induced 
only just after inﬂation when the adiabaticity of the modulus dy-
namics is temporarily violated, and as a result, its abundance is 
given by [19–21]3
ρφ
s
∼ 1
8
TR
(
φ0
M
)2( mφ
cH inf
)
∼ 4× 10−10 GeV
(
TR
104 GeV
)(
φ0
M
)2( M
1017 GeV
)2
×
(
mφ
7 keV
)(
107 GeV
H inf
)
, (6)
where TR is the reheating temperature after inﬂation, H inf is the 
Hubble scale during inﬂation and c ∼ MP /M . Note that we need 
TR 
√
mφMP ∼ 106 GeV in order for the adiabatic suppression to 
work. Otherwise, the universe is radiation dominated at the on-
set of moduli oscillation, during which the Hubble mass of the 
moduli is relatively suppressed [22].4 Thus the light moduli with 
a keV mass can be a dominant DM for appropriate choices of TR
and H inf, without severe ﬁne-tuning of the initial oscillation am-
plitude, contrary to the conventional wisdom. We note that the 
above estimate can be thought of as the lower bound on the mod-
uli abundance for given TR and H inf, since the moduli abundance 
would increase if the cut-off scale M is larger and the moduli no 
longer follows the time-dependent minimum.
Several comments are in order. The suggested moduli mass of 
about 7 keV naturally appears in the gauge mediation with the 
gravitino mass in the keV range. Such low scale gauge mediation 
models are consistent with the recent LHC data with 126 GeV 
Higgs boson, and may be tested at the 14 TeV LHC [23]. The grav-
itinos are thermalized if TR is higher than the sparticle masses, 
while thermal gravitino production can be suppressed, otherwise. 
Another option to reduce the gravitino abundance is to introduce 
the late time entropy production: the dilution of the gravitino by 
a factor of O(100) is suﬃcient to avoid the gravitino overproduc-
tion [23].5 In this case, the moduli abundance (6) is also reduced 
by the same dilution factor, but it can be compensated by the 
increase of the reheating temperature, say, TR ∼ 106 GeV. Non-
thermal leptogenesis may work if one assumes a mild degeneracy 
among right-handed neutrino masses. Finally, low inﬂation scale 
of H inf ∼ 107 GeV is consistent with the SUSY new inﬂation sce-
nario [24].
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